The iRhom2 Nterminus has a predicted highly disordered character and contains two predicted ERK docking sites (ERK-D domains), indicated in yellow (aa 19-29 and 334-345) . The iRhom2 N-terminus also contains three predicted 14-3-3 binding sites, indicated in blue. Several large-scale phosphoproteomic studies have identified phosphopeptides within the iRhom2 N-terminus, (see Experimental procedures and Table S1 for the specific residues). Several phosphopeptides have been identified, but the kinases responsible are unknown, nor are the functional implications. Details of the prediction algorithms used to characterize features in the iRhom Nterminus are described in Experimental Procedures. (B) iRhom2-interacting proteins with altered binding upon PMA stimulation. 14-3-3 proteins are highlighted by a blue box. aHA immunoprecipitates from HEK293 ET cells expressing HA tagged iRhom2-WT or empty vector (EV), were subjected to mass-spec analysis.
Interacting proteins whose binding to iRhom2 WT was statistically significantly increased (t-test) over background binding to the immunoprecipitation beads are shown. To increase the stringency, only changes greater than 40% were considered. The same criterion was used to define the interacting proteins whose binding was altered upon PMA stimulation. Proteins with altered binding to the iRhom2 Dead mutant, compared to WT iRhom2 WT, under basal (C) and PMA stimulated (D) conditions. 14-3-3 proteins are highlighted by a blue box. Anti-HA immunoprecipitates from HEK293 ET cells expressing HA tagged iRhom2 WT or iRhom2 Dead, or empty vector (EV), were subjected to mass-spec analysis. Interacting proteins whose binding to the iRhom2 Dead mutant was enriched or depleted over the WT are shown (using the same criteria as described in the legend of Figure S1B , only hits that were statistically significant and changed at least 40% were considered). Of note, some proteins that were not detected in the WT above the EV levels, were highly enriched in the iRhom2 Dead mutant immunoprecipitates. To identify these hits, datasets were interrogated for proteins with increased binding to the iRhom2 Dead compared to the WT and EV. Throughout, data are presented as mean ± s.e.m. n=2. The ADAM10-selective inhibitor GI254023X had no effect on iRhom2 induced peptide cleavage. In B-D, the peptide was added to the culture media of PMA (1 µM) stimulated cells in the presence of BB94 (10 µM) or GI254023X (1 µM) where indicated. Peptide cleavage was expressed as the rate of peptide cleavage (RFU/minute). Data are presented as mean ± s.e.m. **P<0.01, n.s. not significant; student's t-test. n =3 independent experiments. Figure S5 . iRhom2 regulates TACE via two distinct mechanisms. Related to Discussion. The schematic depicts iRhom2 with an extended, disordered N-terminal cytoplasmic tail. In light of its important regulatory properties, we propose to name this module the regulatory domain (R domain). Our previous work (Adrain et al., 2012) showed that iRhom2 is essential for the trafficking of TACE from the ER (A) to the trans-Golgi apparatus, where the proprotein convertase Furin cleaves off TACE's inhibitory prodomain, rendering TACE basally active (B). iRhom2 and TACE then traffic to the cell surface (C) where the interaction with iRhom2 ensures that TACE has only basal proteolytic activity because of reduced access to its substrates. Under stimulation conditions (e.g., PMA, GPCR activation, or TLR signaling) kinases phosphorylate iRhom2 within its R domain (D), which triggers the recruitment of 14-3-3 proteins to the iRhom2/TACE complex. 14-3-3 binding to the R domain of iRhom2 leads to dissociation of the transmembrane helices of the iRhom2/TACE complex (E). This enables increased TACE cleavage of its substrates, potentially mediated by increased exposure of TACE to its substrates upon detachment from iRhom2; dissociation may also induce conformational changes in TACE's extracellular domains that increases its capacity to cleave substrates.
Supplemental Experimental Procedures Features within the iRhom2 N-terminus
Putative 14-3-3 binding sites were determined using the online 14-3-3-Pred tool (Madeira et al., 2015) (see http://www.compbio.dundee.ac.uk/1433pred/run/job=s2948603276). Putative phosphorylated residues on iRhom2 from large scale phosphoproteomics studies were retrieved using the online Phosphosite tool (see http://www.phosphosite.org/proteinAction.do?id=10848&showAll-Sites=true for a detailed overview). Analysis of disordered regions in the iRhom2 N-terminus were performed with the prediction algorithm PONDR (Obradovic et al., 2005) (http://www.pondr.com/).
Reagents
The following reagents were used: 1,10-phenanthroline (Sigma), Batimastat (BB94, Calbiochem), 
Cell culture
HEK293 ET, RAW264.7 and iRhom1 -/-2 -/-double KO (DKO) MEFs (previously described in Christova et al., 2013) , untransformed and stably expressing iRhom2, were maintained under standard conditions. BMDM were isolated from 12-16 weeks old WT and iRhom2 -/-(iRhom2 KO) mice, and cultured as previously described (Adrain et al., 2012) .
Retroviral transduction
HEK293 ET packaging cells (1 x 10 6 ) were transfected with pCL (-Eco, or 10A1) packaging plasmids (Naviaux et al., 1996) or TACE (gift of Andreas Ludwig) plus pMD-VSVG and psPAX2.
Phos-tag gels and protein de-phosphorylation
All buffers used during sample preparation were devoid of EDTA (and 1,10-phenanthroline) to prevent chelation of the manganese ions required for phospho-protein binding to the Phos-tag acrylamide.
Phosphate containing reagents were excluded to prevent competitive binding to the Phos-tag acrylamide.
Cells were washed twice with ice-cold phos-tag wash buffer (10 mM Tris-HCl pH 7.4, 100 mM NaCl) before lysis in T-X100 lysis buffer supplemented with protease inhibitor cocktail, and phosphatase inhibitors (1.5 mM sodium orthovanadate, 10 mM sodium fluoride). Samples were run on 6 or 8 % acrylamide Tris-Glycine gels (prepared according to manufacturer instructions) supplemented with 5 µM Phos-tag acrylamide and 1 mM manganese chloride. Gels were run at 80 volts for approximately 5 hours (until the 75 KDa marker was at the bottom of the gel), and incubated in transfer buffer supplemented with 1 mM EDTA for 20 minutes to chelate manganese, followed by a second wash in transfer buffer. From this point onwards standard western blot protocols for transfer and antibody incubation were used. Where indicated, protein lysates (120 µg) were de-phosphorylated according to the manufacturer's instructions using 40 units of alkaline phosphatase and incubated at 37ºC for 1 hour prior to electrophoresis.
Flow Cytometry
After washing, the viability stain 7AAD was added and the samples were analyzed using a Cyan ADP analyzer (Beckman Coulter) and the FlowJo software, version 10.2. Cells were first gated based on size (SS vs FS) and then on singularity (Pulse Width vs FS). This was followed by 7AAD exclusion to gate for live cells (FL2 vs FL4). Live cells were gated on expression of HA or TACE (FL2 vs FL8). Unstained (Fcblocked cells) were used as negative population. The staining index was calculated as: (fluorescence intensity test population -fluorescence intensity negative population) / (2 x SD negative population) (Maecker et al., 2004) .
TACE enzymatic assay on live cells
HEK293ET cells expressing empty vector, iRhom2-HA WT or iRhom2 Dead-HA were plated on 24 well plates (1x10 6 cells). The next day cells were washed in Optimem; for experiments involving PMA stimulation ( Figure 7A ,B) cells were starved for 6 hours in Optimem supplemented with 25 mM Hepes, the media was then changed to Optimem (25 mM Hepes) containing 0.75 µL of the fluorogenic TACE substrate and the drug treatments. Fluorescence was measured on a Victor 3 plate reader over 8 hours, at 37ºC, according to manufacturer instructions (ANASPEC SensoLyte 520 TACE Activity Assay Kit, 72085).
TACE activity ( Figure 5F , 7B), expressed as change in raw fluorescence units (RFU) per minute was calculated using linear regression fit of the raw fluorescence data. For all experimental conditions, TACE activity was background corrected for non-metalloprotease dependent cleavage of the peptide using BB94 treated samples. Time resolved fluorescence (AU, arbitrary units) shown in Figure 7A , is expressed as RFU for each experimental condition divided by the sum of the total RFU for each experiment; this step is a mathematical processing of raw data commonly used to minimize variability in absolute intensity values from experiment to experiment, and has been previously described for time-resolved luminescence from luciferase experiments (Bruning et al., 2012; Cavadas and Cheong, 2014) .
Shedding assays
MEFs (3 x 10 5 in 6 well-plates) were transfected with 1 µg cDNA of TGFa-AP or BTC-AP using 3 µL Fugene. One day following transfection, cells were washed 3 times with serum free media before incubation for 1 hour in 1 mL Optimem (for basal shedding), followed by 1 hour with 1 mL Optimem containing 1 µM PMA or 2.5 µM ionomycin (for stimulated shedding), in the presence of metalloprotease inhibitors (BB94) and ADAM10 inhibitor (GI) where indicated. Supernatants from each incubation step were collected and incubated with the AP substrate p-nitrophenyl phosphate at room temperature. AP activity measured using a 96-well plate spectrophotometer (405 nm). Results are presented as PMA or IO "Stimulated shedding" calculated by dividing the PMA or IO-stimulated AP shedding by the constitutive shedding, as described previously (Sahin et al., 2006; Zheng et al., 2002) .
Cloning of iRhom2-HA phospho-mutant constructs, R18-Dead mutant and TACE/ADAM10 domain swaps
The mouse iRhom2 Dead mutant fused to a C-terminal HA tag was inserted into empty vector pM6P.BLAST. This iRhom2 Dead DNA containing the 15 alanine mutated residues ( Figure 4A ) was prepared by gene synthesis (Gene Art, Life Technologies). To generate the 1-130, 131-212, 213-381, PCR was used to amplify the relevant fragments from the WT or iRhom2 Dead constructs, and Gibson cloning was used to assemble the final construct. Single serine to alanine phospho-mutants (Figure 4B ,C,G,H) were generated by site-directed mutagenesis using KOD polymerase. To generate the R18-iRhom2 Dead mutant ( Figure 5D -G), the R18 peptide sequence from the pSCM138 plasmid (Masters and Fu, 2001 ) was inserted into the N-terminus of the iRhom2 Dead mutant using Gibson cloning. TACE and ADAM10 V5 tagged pcDNA6 constructs (Christova et al., 2013) were used to generate domain swap mutants of the ectodomain, transmembrane domain and cytoplasmic tails (Figure 7 D,E). DNA sequencing was used to confirm correct assembly of all constructs.
Co-immunoprecipitations
HEK293ET cells stably expressing empty vector, iRhom2-HA WT, Dead, phosphomutants, or the R18 mutant, were serum starved and stimulated with PMA (1 µM) for the indicated times (Figs. 5,7 ) before anti-HA immunoprecipitations. Alternatively, HEK293 ET cells were transfected with TACE/ADAM10 domain swap mutants and an empty vector or iRhom2-HA WT (Figure 7) . Full details are provided in supplemental experimental procedures.Twenty-four hours after transfection cells were lysed for 10 minutes on ice in TX-100 lysis buffer (1% Triton X-100, 150 mM NaCl, 50 mM Tris-HCl, pH 7.4) containing complete protease inhibitor cocktail (Roche), 10 mM 1,10-phenanthroline (to inhibit TACE autoproteolysis) and phosphatase inhibitors 10 mM sodium fluoride and 1.5 mM sodium orthovanadate. Post-nuclear supernatants were precleared with unconjugated magnetic beads for 90 minutes with rotation, followed by overnight incubation with anti-HA magnetic beads. Beads were washed for 10 minutes, 4 times, at 4ºC with Triton X-100 lysis buffer (with 1,10-phenanthroline and phosphatase inhibitors) supplemented with NaCl to 300 mM. Samples were eluted with 1.5 X sample buffer and incubated at 65ºC for 15 minutes before loading.
Mass spectrometry
Cells were washed twice with ice-cold PBS, and lysed for 10 minutes on ice in TX-100 lysis buffer containing complete protease inhibitor cocktail and phosphatase inhibitors. Post-nuclear supernatants were pre-cleared with unconjugated magnetic beads for 90 minutes with rotation, followed by 90 minutes incubation with anti-HA magnetic beads at 4ºC. Beads were washed for 10 minutes, 4 times, at 4ºC with 150 mM NaCl, 50 mM Tris-HCl, pH 7.4, supplemented with phosphatase inhibitors. For the data in Table 1,   Table S1 , Figure 4 , Figure 5 , Figure S1 and Figure S3 , collected in Edinburgh, the following protocol was used. Immunoprecipitated samples were subjected to an on-beads digestion, peptide purification and mass spectrometry analysis as previously described (Turriziani et al., 2014) . Briefly, the proteins bound to the beads were digested with mass spectrometry-grade porcine trypsin (Promega) overnight at room temperature. The proteolytic peptides were reduced and alkylated with DTT and Iodoacetamide, desalted and analysed on a Q-Exactive+ mass spectrometer coupled to a nano uHPLC (both Thermo Fisher Scientific). Analysis of phosphorylation sites were performed with MaxQuant software version 1.5.5.1, using human and mouse databases, Carbamylation as fixed and phospho (STY), N-terminal acetylation (protein) and oxidation (M) as variable modifications. The abundance of the different phosphopeptides was determined as the ratio obtained by dividing the intensity of the phosphopeptides by the intensity of the corresponding protein in each sample. N=2 biological replicates each. Data presented in Figure S3B , was collected from the mass-spec data from Edinburgh, and an additional set of experiments (2 biological replicates) performed in Vienna in iRhom2 immunoprecipitates, prepared as described above, with the addition of a cell permeable crosslinker (DSP).
For the data collected in Vienna ( Figure S3B ), a slightly different protocol was used, in brief,
immunoprecipitates were enzymatically digested on 3 kD MWCO filters (Pall Austria Filter GmbH) using an adaption of the FASP protocol as described previously (Bileck et al., 2014; Slany et al., 2016) . After preconcentration of the samples, protein reduction and alkylation was performed, then trypsin was added and incubated at 37°C for 18h. The digested peptide samples were dried and stored at -20°C until further LC-MS/MS analyses. Reconstitution of dried peptide samples was achieved by adding 5 µl 30% formic acid (FA) containing 10 fmol each of 4 synthetic standard peptides and further dilution with 40 µl mobile phase A (98% H 2 O, 2% ACN, 0.1% FA), as described previously (Bileck et al., 2014; Wiśniewski et al., 2009 ).
LC-MS/MS analyses were performed using a Dionex Ultimate 3000 nano LC-system coupled to a
QExactive orbitrap mass spectrometer equipped with a nanospray ion source (Thermo Fisher Scientific).
For LC-MS/MS analysis, 5µl of the peptide solution were loaded and pre-concentrated on a 2cm x75µm C18 Pepmap100 pre-column (Thermo Fisher Scientific) at a flow rate of 10 µl/min using mobile phase A.
Following this pre-concentration, peptides were eluted from the pre-column to a 50cm x75µm Pepmap100 analytical column (Thermo Fisher Scientific) at a flow rate of 300nl/min and further separation was achieved using a gradient from 7% to 40% mobile phase B (80% ACN, 20% H 2 O, 0.1% FA) over 85min
including column washing and equilibration steps. For mass spectrometric analyses, MS scans were accomplished in the range from m/z 400-1400 at a resolution of 70000 (at m/z =200). Subsequently, datadependent MS/MS scans of the 8 most abundant ions were performed using HCD fragmentation at 30% normalized collision energy and analyzed in the orbitrap at a resolution of 17500 (at m/z =200). Protein identification was achieved using Proteome Discoverer 1.4 (Thermo Fisher Scientific, Austria) running 
Cell Surface Biotinylation
Biotinylation was performed as previously described for BMDM (Adrain et al., 2012) with small modifications, as detailed in supplemental experimental procedures. RAW264.7 macrophages (1.5x10 6 cells, 6 well plates) were moved to a cold room (at 4ºC), washed with ice-cold PBS pH 8.0 for 10 minutes, incubated with (1 mg/mL) Sulfo-NHS-LC-Biotin in PBS pH 8.0, according to the manufacturer's instructions. Dynasore (40 µM) was used during the biotinylation, to minimize internalization of the unreacted Biotin and biotinylated proteins. Following quenching with 50 mM Tris in PBS, cells were lysed for 10 minutes with TX-100 lysis buffer (1,10-phenathroline, protease inhibitors, 50 mM Tris), then biotin labelled surface proteins from post-nuclear supernatants were captured on neutravidin agarose resin at 4°C overnight. The resin was washed 3 times, 10 minutes, with TX-100 lysis buffer containing 450 mM NaCl at 4ºC. Samples were eluted with 1.5X sample buffer and incubated at 65ºC for 15 minutes, before loading.
Glycoprotein enrichment using Concanavalin A
To improve the detection of TACE, MEFs were lysed in TX-100 lysis buffer supplemented with 1 mM EDTA, 1 mM MnCl 2 , 1 mM CaCl 2 and glycoproteins were captured using Concanavalin A (ConA) Agarose.
Beads were washed twice in the same buffer and eluted by heating for 15 min at 65ºC in sample buffer supplemented with 15% sucrose.
TNF ELISA in iRhom2 KO bone marrow-derived macrophages expressing iRhom2-HA
On day 4 post-isolation, iRhom2 KO BMDM were plated (1.2 x 10 5 cells, 12 well plate). The following day, cells were transduced with 10 µL of 300X concentrated retrovirus mixed with polybrene 8 µg/mL. Culture media were changed every second day and cells were stimulated at day 10 with 1µg/mL LPS for 3 hours.
The supernatant was collected to measure TNF release using ELISA according to the manufacturer's instructions. 
